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Objectives Objectives
To project the long-term societal economic consequences of reduced educational attainment, as measured by total lifetime earnings, in an untreated cohort of individuals diagnosed with ADHD in childhood, in Germany. In addition, this research aims at illustrating a cost-benefi t analysis framework which could be applied to economically appraise the rate of return from investments in hypothetical health interventions targeting ADHD.
Methods
Observational ADHD evidence was collated with demographic and human capital economics methods to quantify ADHD's impact on educational attainment and long-term labour outcome in Germany. The theoretical benefi ts deriving from eff ective interventions targeting ADHD were also quantifi ed.
Results
It was estimated that the average per capita lifetime earning loss associated with ADHD was €92,000 suggesting a societal loss of € 2.93 billion from a single cohort (n =31,864). The Benefi t-Cost analysis suggested that reasonably eff ective intervention may justify considerable investment in ADHD targeted intervention.
Conclusions
Considering the broad economic consequences of the condition might suggest that interventions which change the life course of individuals with ADHD could off er both cost-savings and infl uence future economic outputs.
Background
Several socio-demographic variables are deemed as potential determinants of a child's future earnings. In human capital economics, the most explored causal relationship is between earnings and quantity and/or level of education attained [1] [2] [3] [4] . Reduced school performance has some immediate societal cost implications but more importantly, reduced school achievement may reduce lifetime opportunities because of education-linked wage eff ects that will persist over the course of life 5, 6 . An individual's cognitive development and school performance is known to be infl uenced by a number of environmental factors. Recently, a set of paediatric conditions has been identifi ed as potentially negative infl uencers of performance 7 . In a review of studies assessing the impact of paediatric conditions on school performance Karande and Kulkarni 8 documented morbidity, neurobehavioral defi cits and psychiatric disorders that may result in reduced school performance. Most of the identifi ed studies assessed the eff ect of medical conditions on school performance and absenteeism whilst few studies assessed the resulting longterm educational attainment and the long-term labour market outcome.
In children with asthma, a study of school achievement reported that although asthmatic children performed as well as their healthy counterparts, there was evidence in labour market performance indicating that individuals with asthma during childhood experienced disadvantages in later employment 9 . A review by Milton and colleagues 10 reported that people with childhood-onset diabetes might experience disadvantages in employment, and had a lower income in adulthood, although diabetic complications appeared to be the most important determinants of social consequences in later life. In the area of infectious diseases, malaria appears to have life-long eff ects on cognitive development and on the education levels attained 11, 12 .
A condition which has been clearly documented to impact educational outcomes is attention-defi cit hyperactivity disorder (ADHD). ADHD is a chronic neurobiological disorder described as a condition in children and adults and characterised by a symptom cluster of inattention, hyperactivity and impulsivity according to DSM-IV and ICD-10 code criteria [13] [14] [15] . The disorder is relatively common with estimated prevalence rates, in the US and Germany, of 4-12% in children 16 , depending on the diagnosis criteria applied, and has been shown to be above 4% in adults 17, 18 . The time to ADHD diagnosis can often be delayed with estimates suggesting up to 18 months until diagnosis in some childhood cases, and for ADHD adults, in the majority of cases no childhood diagnosis was reported 18 .
Numerous studies have described the impact that ADHD can have on educational outcomes. In addition, studies have demonstrated that diff erent professional life courses are pursued by people with ADHD diagnosed as children and with ADHD in adulthood. Children with ADHD are regularly found to have lower educational attainment and increased likelihood of dropping out of school compared to children without ADHD [19] [20] [21] . A study of ADHD and non-ADHD individuals assessed the educational attainment for a German, matched-controlled population 20 . The study aimed at systematically assessing the profi le of lifetime psychiatric comorbidity and psychosocial functioning in a German sample of adults with ADHD compared to a population-based, gender-and age-matched control group and at examining whether patients with ADHD and lifetime comorbid psychiatric diagnoses diff ered from patients with pure ADHD in their psychosocial functioning. The study demonstrated that ADHD individuals had lower education attained compared to non-ADHD individuals as well as a higher probability of being unemployed 20 .
Although reduced school performance in ADHD children has some immediate societal cost implications, more importantly the costs of reduced longterm educational attainment may reduce lifetime opportunities for ADHD individuals because of education-linked wage eff ects that will persist over the course of life 5, 6 . In addition to the eff ect of ADHD on educational attainment and lifetime earnings, studies have also shown that ADHD may result in more costly health seeking behaviours compared to non-ADHD individuals 22 . The resulting total societal burden may be high and may thus justify interventions eliminating the eff ect of the condition on educational attainment.
By combining observational data with demographic methods and human capital economics it should be possible to quantify the earnings loss associated with the condition's impact on educational attainment and investigate the theoretical benefi ts-cost deriving from eff ective interventions targeting ADHD. This research aims to project the long-term societal economic consequences of reduced educational attainment, as measured by total lifetime earnings, in an untreated cohort of individuals diagnosed with ADHD in childhood compared with a control non-ADHD cohort in Germany. In addition, this research aims at illustrating a cost-benefi t analysis framework which could be applied to economically appraise the rate of return from investments in hypothetical health interventions targeting ADHD as well as other disease that may aff ect school performance.
Methods and Data
We based our burden of disease estimations on the established relationship between education and lifetime earnings [1] [2] [3] [4] 23 . To estimate the economic consequences of untreated ADHD we linked education-and age-specifi c earnings in Germany to previously published data demonstrating diff erences in educational attainment for untreated ADHD individuals compared with non-ADHD individuals 20 . Moreover, we projected the earnings of untreated ADHD and non-ADHD individuals and we conducted a cost-benefi t analysis of hypothetical interventions of varying costs and eff ectiveness of interventions targeting ADHD.
In order to project the future lifetime earnings of an average individual in Germany, we employed the simplest form of the Mincer model, which is widely used in human capital economics 1 . According to the Mincer model, lifetime earnings are a function of schooling years and work experience (Equation 1). It was considered that other explanatory variables of earnings such as gender, ethnicity, socio-economic background and geography were identical for both untreated ADHD and non-ADHD individuals. A study estimating the coeffi cients of a Mincer function for Germany was identifi ed from the literature 24 . The study used the 1985-2001 German Socio-Economic Panel study (GSOEP), a dataset consisting of individual and household micro-data. The coeffi cient estimates of the identifi ed Mincer model were subsequently combined with educational attainment levels for ADHD and non-ADHD individuals. Earnings were adjusted to refl ect 2010 prices.
The educational attainment data were derived from an observational data reported for Germany by Sobanski and colleagues 20 . The study reported that 8.6% of untreated ADHD individuals held a university degree and 61.4% graduated from occupational training whilst the rest completed secondary education. In contrast, the corresponding fi gures for non-ADHD were 25.7% and 60%, for university and occupational training, respectively. In addition, the study reported that unemployment rate was 25% higher for untreated ADHD individuals compared with the control group. The projected earnings were adjusted for unemployment using current age-specifi c unemployment rates in Germany accounting for 25% higher unemployment in untreated ADHD individuals as previously described 20 . Earnings were converted to 101 2010 at the current annual cost infl ation rate of 2.80% 25 . Individuals were assumed to enter the labour force at diff erent ages, based on their educational attainment and starting from the age of 18. The average retirement age was considered to be 65 years which was the time horizon of this economic analysis. Both costs and benefi ts were discounted at 1.75 % 26 . A cohort demographic model was developed simulating the lifetime of untreated ADHD and non-ADHD individuals. The model assumed identical survival probabilities for both cohorts which were, in turn, obtained from the German life tables 27 . The prevalence of untreated ADHD in Germany 18 was applied to an annual 2010 birth cohort 27 to estimate the size of the untreated ADHD and non-ADHD cohorts. By combining the results of the Mincer model with the demographic cohort models, the Present Value (PV) of total lifetime earnings were estimated for untreated ADHD and non-ADHD individuals (Equation 2). Subsequently, the diff erence in PV of total lifetime earnings of untreated ADHD compared to non-ADHD individuals was estimated (Equation 3). The diff erence between PV for ADHD and non-ADHD cohorts represented the societal burden associated with ADHD in Germany from a single birth cohort.
Benefi t-cost analysis of hypothetical interventions or educational programs targeting ADHD of varying costs for a range of eff ects on educational attainment was explored to assess whether educational gains can justify the program costs. In this context we evaluated any hypothetical program that infl uences educational attainment in a matrix of costs and outcome benefi ts. Interventions' duration was assumed to be 11 years and the start age was set at 7 years. The total costs for a hypothetical program were summed and discounted to refl ect the PV of the investment at the age of delivery (Equation 4). For each hypothetical intervention, the incremental PV of total lifetime earnings compared to untreated ADHD was derived. The latter increment represented the benefi t of the intervention. Subsequently, for each intervention a cost-benefi t analysis was conducted. The Net Present Value (NPV) associated with the program cost was calculated by subtracting intervention costs from benefi ts (Equation 5). Benefi ts were defi ned in terms of increasing the percentage attaining university degrees. In addition, a benefi t -cost ratio was estimated (Equation 6). Earnings at age t based on ADHD status (with and without ADHD) U t Unemployment rate at age t C t ADHD intervention costs at age t
Results
Evidence for the adult epidemiology of ADHD in Germany [18] , was used to estimate the presence of ADHD in an annual birth cohort of 677,947, born in 2010. Adults' epidemiology data were used since this research aims to investigate the economic impact in ADHD in adult life. Hence, it was estimated that 31,864 will be diagnosed with ADHD. The number of ADHD diagnoses defi ned the cohort sizes for the untreated ADHD and non-ADHD cohorts. Figure 1 shows the estimated age-specifi c earnings curves (in 2010 wages) for an average individual with and without ADHD. As a result of the higher probability of higher educational attainment, a non-ADHD individual is expected to have higher earnings compared to an average ADHD individual. Figure 2 illustrates the cumulative present value of earnings for the untreated and non-ADHD cohorts. The PV of total lifetime earnings for the untreated ADHD and non-ADHD cohorts were estimated at € 34.03 billion and € 36.96 billion, respectively. The results suggest that a single birth cohort in Germany ADHD is expected to result in a societal loss of € 2.93 billion, as defi ned by the PV of total lifetime earnings. €35,000,000,000 €30,000,000,000 €25,000,000,000 €20,000,000,000 €15,000,000,000 €10,000,000,000 €5,000,000,000 In the observational study by Sobanski et al. 20 it was reported that although individuals with ADHD had approximately the same rate of completing occupational training, the proportion of individuals attaining a university degree was considerably higher for non-ADHD individuals (8.6% versus 25.7%). It was therefore assumed that an eff ective program targeting ADHD should increase the proportion of individuals accomplishing university level education. We therefore hypothesised that interventions or educational programs may benefi t the educational mix of treated ADHD cohorts by increasing the proportion of individuals attaining a university degree. For diff erent proportional increases in the number of treated ADHD individuals attaining university education and for various annual intervention costs, the NPV of investing in treating ADHD was calculated. The resulting NPVs for the diff erent scenarios are illustrated in Table 1 . In addition, for each combination of eff ectiveness and annual cost the Benefi t -Cost ratio was calculated Table 2 illustrates the resulting Benefi t -Cost ratio. The results indicated that a small increase in university attendants may result in positive social rate of return at a reasonable cost. The Cost-Benefi t analysis scenarios based on hypothetical education gains shows that a reasonably eff ective intervention (e.g. increasing university degrees from 8% to 12% in treated ADHD individuals) may justify an investment of €1,900 per year per ADHD individual and result in aggregate societal benefi t.
Discussion
Previous studies have reported that ADHD poses signifi cant direct and indirect costs on the health service, the subjects' families and society. The study reported by Birnbaum 28 found that within a family with an ADHD child, approximately 50% of all direct and indirect costs were incurred by family members other than the ADHD subject. The study reported byHakkaart-van Roijen et al. 29 reported that annual direct medical costs of ADHD were higher than those for children with other behavioural problems. Furthermore, the indirect costs from lost productivity of the parents of ADHD children were shown to be comparable to the direct health costs of treating the condition which were estimated to be €2,000 annually. Additionally, studies have demonstrated that ADHD adults have signifi cantly higher rates of absenteeism suggesting that productivity losses are higher when compared with normal controls 30 . Analyses such as these while informative, are limited because they fail to take into consideration the impact that ADHD can have on future lifetime earnings and opportunities linked to educational attainment of persons with ADHD 31, 32 . The analysis described in this paper deviates from previous analyses describing the indirect costs of ADHD because it estimates costs due to reduced lifetime earnings linked to fi nal education level achieved.
The analysis described here focuses on the broader societal impact of ADHD in Germany and estimates the lost lifetime earnings linked to reduced educational attainment in a birth cohort of ADHD individuals 20 . The analysis reported focuses on the long-term impact of earnings losses attributed ADHD children as they reach adulthood. The analysis described here suggests an average lifetime earning loss of €92,000 per individual and an aggregate loss of almost €3 billion. As the analysis does not take into consideration the short-term losses attributed to parental lost productivity caring for an ADHD child, the estimates provide here are likely underestimates. Although, based on previous studies reporting the productivity losses for parents of ADHD children, compared with per person costs described here, we believe that lost education linked earnings are more substantial when compared to the episodic productivity losses for parents 29 . Estimating the lifetime eff ect of reduced educational attainment resulting from disease, on earnings, could be factored into a traditional cost-benefi t analysis. By generating measures typically used in the appraisals of public investments (i.e NPV and rate of return), health interventions could be compared to other publically funded investments. Hence, the illustrated framework could be used in informing cross-sectorial resource allocation decisions.
There are several weaknesses to the modelling approach here that are worth considering. Namely, our analysis is based on the evidence generated by one exploratory observational study in Germany assessing the eff ect of ADHD on educational attainment thus, refl ecting the local epidemiologic, social and economic characteristics. Furthermore, a secondary estimation of educationspecifi c earnings was used in the current research. In addition, our analysis is based on the educational mix reported in that observational study since there is scarce cross-sectional evidence on educational attainment with ADHD as a control variable.given the long-term horizon of this analysis, a modelling approach quantifying the economic impact of ADHD was considered as the most appropriate approach for assessing the societal consequences of the disorder. The presented analysis is based on several long-term projections of volatile economic fi gures which inevitably introduce the uncertainties commonly present in long-term forecasting economic and fi nancial cost-benefi t analyses.
The impact of social and health conditions on future earnings has been explored in previous economic studies. A framework defi ning the relationship between adolescent health conditions and education attainment was recently described by the WHO Regional Offi ce for Europe 7 . The authors of this framework also defi ned the relationship between health conditions in adolescents, and how reduced education infl uences future earning potential. To demonstrate this relationship, an analysis reported by Renna et al. observed that excessive drinking amongst teens increased the probability of graduating late from school, which can reduce future earnings resulting in an earnings loss of 1.5 -1.8% 33 .
In the spirit of these previous studies which defi ned the relationship between health conditions, education and future earnings, we sought to understand this relationship in ADHD and inform policy making in this area.
Health care resources are increasingly evaluated using cost-eff ectiveness analyses to estimate whether interventions represent good use of resources compared with comparable interventions 34 . In the analysis described here we deviate from this approach and seek to fi nd whether investments in ADHD interventions off er some societal benefi t, by evaluating intervention costs using discounted cash fl ow approach to derive the NPV of these investments. We demonstrate that hypothetical interventions or education programs that cost less than €700 annually and improve graduation rates by 30% off er approximately €70 million in discounted societal benefi t (Table  1) . It is worth noting that this approach underestimates the true benefi ts of an intervention because it does not take into consideration cost off sets or short-term productivity gains associated with parent work absenteeism, as well as the improved quality of life that is obtained from improved symptom management. In this analysis we provide a wide range of hypothetical program cost and education attainment scenarios so that a wide range of possibilities could be considered by policy makers and educators.
The perspective applied in the analysis described here, estimates the societal losses linked to reduced educational attainment, and the resulting wage penalty associated with reduced education. Whilst the estimates described here are based on the Mincer function which links education to future earnings, it is important to consider how these losses actually materialise in the real world. The underlying implication of the analysis described here is that individuals do not achieve their full potential. The consequences of this might be reduced productivity gains in society which infl uence wage and economic living standards. As people earn less, this would lead to reduced consumption which impacts industry and capital formation. While this is diffi cult to imagine at the individual level, when extrapolated to an annual birth cohort of ADHD individuals over generations the consequences are likely substantial.
Across many industrialised countries, a demographic transition is taking place from an agrarian-based economy with high fertility to that of industrialised and serviced based economies with low fertility and low mortality 35 . This ongoing demographic transition has brought to light many challenges faced by industrialised economies as the number of future workers starts to decline 36 . In light of this transition, increased importance has been placed on initiatives to improve productivity and economic growth as the share of working aged adults starts to decline relative to those retired 37 . An analysis in Europe has stressed the importance of workers and human capital accumulation in the form of education and health for enabling workers to maximise productive capacity in an era of ageing populations 38 . Hence, within this policy imperative it is possible to position many health care and education programs which infl uence the productive capacity of economies 39 . ADHD is illustrative of the European policy imperative as a health condition that infl uences both the short-term productivity of parents, and the educational attainment of children which leads to long-term societal losses, in addition to the direct health costs of the condition. Considering the broad economic consequences of the condition might suggest that interventions which change the life course of individuals with ADHD could off er both cost-savings and infl uence future economic outputs.
